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which complies wiA commercially acceptable standards, ix. clarity, impact resistance, bond strcngtti widiout the need for the additional 
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LAMIWATED GLASS AND METHOD 

The present invention relates to the manufacture of glass in particular 
the manufacture of laminated glass. It will be convenient to describe the 
invention with particular reference to flat glass laminate structures although 
5 it will be appreciated that the invention may have wider application 

p; y;Jcqmund of the Invention 
Laminated glass is used widely in many fields, particularly in the 
building and automotive industry where the safety of glass products is 
imperative. 

10 The most commonly used process for manufacturing laminated glass is 
in a batch process. First, a cleaned sheet of glass which has been cut to 
the desired size is overiaid with a polymeric interiayer. generally made of 
polyvinylbutyrate (PVB), and another layer of cleaned glass cut to the same 
size as the first layer is applied on the top of the PVB interiayer. The laid-up 

15 laminate structure is then passed on a conveyor through a heating zone 
where infra-red heating elements heat the glass sufficiently to cause at least 
partial softening of the PVB layer by a combination of direct radiation and 
conductton of heat through the glass layers. The heated laminate assembly 
is then passed through a press while the PVB is still partially softened to 

20 remove excess air. As tiie surface of the PVB interiayer is slightly textured, 
at this stage it does not completely adhere to both the adjacent surfaces of 
the glass sheets and there are numerous tiny air pockets trapped between 
the two glass sheets. This gives tiie laminate structure an opaque 
appearance whidi is highly undesirable in the finished product. The 

25 assembly is tiien transfen-ed to an autoclave where it is subjected to 
temperatures of generally between 120°C to 150"C and pressure of up to 
about 1000 kPa for a short dwell period (typically 20-30 minutes) to dissolve 
any entrapped air into the softened PVB layer. The complete cycle, ie. 
heating, pressurization, dwell and cooling can fake several hours depending 
30 upon load size and type of laminate. Typical cycles are between 314 to 4 
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hours duration. 

This conventional process for manufacturing laminated glass has a 
number of disadvantages. First, the process is both capital intensive 
(autoclaves being expensive) and energy Intensive. The laid-up structure is 

5 subjected to a first heating step, followed by a second heating step. The 
structure will cool between the two steps thus losing energy applied during 
the first step which must then be re-applied during the second step. 
Secondly, the autoclaving step must be perfbnned on a batch basis and 
involves significant handling of product and time delays while a full load for 

10 the autoclave is prepared which further adds to costs and increases the 
time it takes to fulfil an order. The process consumes relatively high 
amounts of energy to soften the PVB interiayer as this is done by 
conduction of heat through the glass layers when all that really needs to be 
heated is the PVB Interiayer. 

15 In another known process, the laid-up structure Is heated with a 

vacuum ring around the periphery of the structure, whereas reduced 
pressure is applied at the edge of the structure to remove air from between 
the interiayer and the glass. 

Other methods of producing laminated glass include the "resin pour" 

20 method. Instead of using a sheet of PVB interiayer a curable resin is 
poured between sheets of glass and the resin In then cured giving a solkl 
clear interiayer. This method is, also known as the "cast-in-place" or 
"PECTOR process" is more labour intensive and does not enable the large 
scale of production available through the use of a PVB interiayer. 

25 It has been proposed to use altemative an^ngements to heat the PVB 
interiayer. 

Australian Patent Application 81771/87 discloses a process and 
apparatus for the production of laminated glass where a laminate assembly 
of two parallel glass sheets is assembled and a localised heating zone is 
30 provided across which the assembly to be laminated passes. The heating 
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zone in 81771/87 is provided by one or more microwave transmitting horn 
antennas anranged across the assembly in a narrow heating zone. A 
disadvantage of such an arrangement is that the hom radiator, which is a 
directional focussing device, will produce a hot spot at a zone where the 

5 intensity of microwave radiation is at a maximum and a cold zone 
surrounding the hot spot where no radiation is present. The result is an 
uneven distribution of microwave energy across the PVB layer resulting in 
uneven heating of the PVB. Furthennore, with localised heating there Is an 
increased chance of a temperature differential between the PVB interlayer 

10 and glass layers which could cause the glass to fi^cture. Furthennore, 
there is a need for a method of manufacturing laminated glass which is cost 
and energy efficient, can be performed on a continuous basis rather than on 
a batch basis and satisfies the perfomnance criteria for laminated glass in 
temis of clarity, bond adhesion strength, and fracture strength as well as 

1 5 being within prescribed safety limits for microwave emission. 

It is an object of the present invention to provide a method and/or 
apparatus which overcomes or alleviates at least one of the problems of the 
prior art. 

Summary of the Invention 
20 In accordance with one aspect of the present invention there Is 

provided a method for manufacturing a glass laminate structure comprising: 

a) providing an assembly including first and second glass sheets having 
therebetween an interiayer of polymeric material capable of being 
selectively heated, said sheets and interiayer being in a parallel 

25 "sandwich" arrangement; 

b) passing said assembly through a heating zone whereby said assembly 
Is exposed to electromagnetic radiation of a frequency or fi^uendes 
to selectively heat said interiayer to a fluid state; and 

c) passing said heated assembly through press means to effect 
30 laminating of said first and second sheets while said interiayer is still in 



wo 98/40324 PCT/AU98MM150 

-4- 

a fluid state. 

The present invention produces a laminate which complies with 
commercially acceptable standards ie clarity, impact resistance, bond 
strength without the need for the additional steps of autoclaving the 
5 structure or subjecting the structure to reduced pressure. The 
invention adequately removes or dissolves air in the structure and 
bonds the glass sheets in one pass rather than requiring additional 
processing steps to perform this. 

In a prefen-ed embodiment the heating zone consists of a plurality of 
10 waveguides emitting microwave radiation, said waveguides being spaced 
from each other in the direction of travel of said assembly and extending 
across the width of said assembly. 

A laminate structure is first laid up by providing a first glass sheet and 
overlaying it with an interlayer of polymeric material which is capable of 
1 5 being selectively heated and softened by electromagnetic radiation and then 
laying a second glass sheet on top of said interiayer to form a parallel 
laminate assembly. The glass sheets may be of any suitable size or shape 
provided that they are no wider than the heating zone through which they 
pass. The glass sheets may be substantially flat as may be desired for use 
20 as conventional window or door laminate glass. Alternatively the glass 
sheets may be curved, for example for use in automotive windscreens or 
windows, or for particular architectural applications where curved laminated 
glass is desired. 

Conventional laminated glass for architectural use is generally made 
25 from two sheets of glass 3mm thick and a PVB interiayer .38mm thick while 
thinner glass sheets are normally employed when the laminate is required 
for automotive use. It will be appreciated that different thicknesses of glass 
and interiayer may be utilised although adjustments to the power 
requirements of the electromagnetic radiation source, waveguides and 
30 transport speed of the laminate structure, amongst other things, may need 
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to be varied accordingly. 

The laminate assembly is then passed through a heating zone which 
selectively heats the interiayer but does not to any significant extent directly 
heat the glass sheets. Although the glass sheets may be heated by 

5 conduction from the Interiayer once the interiayer is heated, the 
electromagnetic radiation selected to perform the heating is such that it 
acts to heat directly only the interiayer. Th e prefenred fom n of 
electromagnetic radiation is microwave radiation. 

~~ The heating zone preferably consists of a plurality of electromagnetic 

10 radiation emitting waveguides spaced from each other in the direction of 
travel of the laminate assembly. As the laminate structure travels through 
the heating zone the polymeric layer is heated to a temperature where 
plastic flow occurs. Selective heating of the interiay^ in preference to the 
glass is achieved by selecting a firequency so that the interiayer absorbs 

15 more energy than the glass. It will be apparent that the method may be 
readily adapted to alternative compositions of glass. 

By utilising a plurality of waveguides spaced from each other in the 
direction of travel of the laminate assembly, heating of the interiayer can 
occur over a relatively large area of the assembly over a preferred duration. 

20 Furthenmore. gradual heating generally leads to more even heating of the 
interiayer and therefore increased un'rfbnnity in the finished laminate 
structure. 

Af ter the jnterteyer^has been heated to Its desired laminating 
temperature which at the glass surface is generally between 80° and 1 0S^C. 
25 the laminate assembly is passed through press means. The press means 
acts to force any trapped air to be absorbed into the interiayer so that gas 
bubbles do not appear in the finished product which would decrease clarity 
of the laminated glass and effects lamination of the two glass sheets. 

As the present invention acts to heat the interiayer selectively over the 
30 glass sheets, rather than the glass sheets heating the interiayer by 
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conduction, significant energy savings can be achieved. 

In another embodiment of the invention there is provided a laminated 
glass structure including first and second sheets laminated together by a 
polymeric intertayer, said structure having been manufactured by a method 
5 ofthe invention previously described. 

In another aspect of the invention there is provided apparatus for 
manufacturing a glass laminate structure including: 

at least one source of electromagnetic radiation capable of selectively 
heating a polymeric intertayer material; 
10 a plurality of vi/aveguides traversing a heating zone in a cross machine 

direction and spaced from each other along a machine direction in said 
heating zone, said waveguides carrying a travelling wave of electromagnetic 
radiation from said source and having means for emission of said radiation 
from said waveguides into said heating zone; 
15 means for transporting a laminate structure in a machine direction 
through said heating zone; and 

press means beyond said heating zone to press said laminate 
structure after passage through said heating zone. 

In a prefenred embodiment the electromagnetic radiation is microwave 
20 radiation and the source of microwave radiation is a magnetiron or plurality 
of magnetrons although other sources such as one or more klystiY)ns may 
alternatively be used. The advantages of using magnetirons are tiiat they 
are readily commercially available, and are generally highly reliable and 
efficient. Preferably tiie magneti-ons generate microwave radiation having a 
25 frequency of about 2.45GHz afthough it is within the scope of the invention 
to use other microwave frequencies if desired. The source of microwave 
radiation may have a variable power contivl to adjust the intensity of the 
radiation generated in the heating zone. 

The plurality of waveguides traverse a heating zone in a cross machine 
30 direction, or in other words in a direction substantially perpendicular to the 
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direction in whidi a laminate assembly travels through the apparatus. Each 
waveguide may be provided with a separate source of* electromagnetic 
radiation. Alternatively, the waveguides may be coupled in a region outside 
the heating zone so that radiation propagated by the source and one end of 
5 a waveguide can be re-directed down another waveguide to pass across 
the heating zone again. The waveguides may be commerdaily available 
rectangular waveguides such as WR.340 waveguides. In one embodiment, 
waveguides may be provided above and below the heating zone. In this 
arrangement the waveguides are preferably arranged in a staggered 
10 manner in the machine direction such ttiat an upper waveguide is not 
directly above a lower waveguide. In a preferred embodiment altemate 
waveguides have the source of electromagnetic radiation positioned at 
altemate sides of the heating zone in order that a more even field strength 
is achieved throughout the heating zone. 
15 The waveguides have means for emission of the radiation from the 
waveguide. Preferably, the emission means consists of a longitudinal 
aperture extending along the waveguide in the region of the waveguide 
^dng the heating zone. When a travelling wave is propagated by a 
microwave source and carried along a waveguide, a proportion of the 
20 electromagnetic energy is emitted firom the aperture and radiates into Vne 
heating zone. The dimensions of the aperture may be varied depending 
upon the desired field strength requirements necessary in Vne heating zone 
and the configuration of tiie aperture shape may be varied as desired to 
vary the electromagnetic energy density. Furthermore, the dimensions of 
25 ttie aperture may be varied to adjust ttie widtti of tiie heating zone to allow 
for varying widths of laminate assembly to be heated thus reducing energy 
losses. For example, if a laminate assembly requiring heating is 
significantly nanrower tiian ttie maximum available widtti of tiie heating 
zone, adjustable shielding means may be provided to reduce tiie width of 
30 ttie aperture so ttiat it is only just wider ttian ttie laminate assembly. 
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Therefbre the electromagnetic radiation can be concentrated in an area 
where it is required. When the waveguide is rectangular in transverse 
section the aperture is located in the shorter side of the rectangle which is 
adjacent the heating zone. Preferably the aperture of each waveguide is 
5 tapered so that heating effected by the radiation is more unifonn along the 
length of the waveguide. The aperture may have an exponential slot width 
shape. There may be provided means to adjust the distance between the 
waveguide and the glass so that for different thicknesses of glass and PVB 
interlayer, the adjustment may be canied out to achieve optimum heating 
10 performance. 

Preferably there are provided between adjacent waveguides radiation 
reflector means which act to contain the electromagnetic radiation to the 
heating zone. The radiation reflector means may consist of a plurality of 
horizontal metallic plates positioned between adjacent waveguides and 
15 running parallel therewith across the width of the heating zone. Each 
radiator reflector means may be made from any suitable electromagnetic 
reflecting material such as aluminium. 

There is further provided means for transporting a laminate structure in 
a machine direction through the heating zone. This may consist of a 
20 plurality of electromagnetic radiation transparent or tolerant rollers anranged 
to support the laminate structure such that it does not come into contact 
with the waveguides as it passes through the heating zone. The rollers may 
be driven in a controlled manner to transport the laminate structure through 
the heating zone at a controlled rate. As the energy absorbed by the 
25 interlayer is a function of the incident radiation and the speed at which it 
travels through the heating zone, accurate control of the transport rate is 
important. Alternatively, other means for transporting the laminate structure 
may be utilised provided that it can controllably transport the laminate 
through the heating zone without interfering with the passage of 
30 electromagnetic radiation from the waveguides to the laminate structure. 
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There are further provided press means to compress the laminate 
structure after it has been heated. Preferably the press means consists of a 
pair of opposed rollers which force the upper and lower glass webs towards 
one another and so to force entrapped air either out of the laminate 

5 structure altogether or to dissolve it into the softened polymeric interlayer. 

There may additionally be provided a dummy load proximate the ends 
of the waveguide opposite to those which have the electromagnetic 
radiation source positioned therein. The dummy load acts to absorb any 
surplus energy which has not been emitted from the waveguide by the tinte 

10 it reaches the end of the waveguide, particularly when there is no laminate 
assembly in the heating zone to absorb radiation. The dummy load is 
preferably a water load which is circulated throughout the apparatus. The 
dummy load may additionally be coupled to the sources of electromagnetic 
radiation to provide a cooling medium. 

15 There may also be provided shielding means around the waveguides, 
heating zone and transport means so that any stray incident radiation which 
is not absorbed by the laminate structure or dummy load is contained within 
the shielding until it is ultimately absorbed by a load. 

It will now be convenient to describe the invention with reference to a 

20 prefenred embodiment shown in the accompanying drawings. It is to be 
understood that the drawings and the following description relate to a 
refen-ed embodiment only and are not intended to limit the scope of ttie 
present invention. 

Figure 1 is a plan view of a portion of the heating apparatus according 
25 to one embodiment of the present invention and showing only a portion of 
each waveguide. 

Figure 2 is an end elevation of an apparatus according to the present 
invention. 

Figure 3 is a side elevation of a complete apparatus of the present 
30 invention. 
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Figure 4 is a plan view of a typical waveguide as seen facing the 
heating zone. 

Apparatus 1 consists of a plurality of applicators typically shown as 3 
and 5. Each applicator consists of a waveguide 7 having at one end a 
5 magnetron 9 and at a tuning end 10 tuning rods 11 and 13. Each 
waveguide 7 has a radiating region 15, the radiating regions of all 
waveguides collectively fonning a heating zone 17. Radiating region 15 of 
waveguide 7 has an aperture 19 facing into heating zone 17. Eadi 
magnetron 9 is connected to a variable power source (not shown). When 
10 energised, magnetron 9 generates travelling waves of microwave radiation 
which are reflected by the inside walls of waveguide 7 and travel in tiie 
direction of tuning end 10. Microwave radiation is emitted from aperture 19 
into heating zone 17. In one embodiment of ttie invention (not shown) ttiere 
may be provided adjustable shutter means to vary ttie aperture 19 and thus 
1 5 adjust the amount of radiation emitted tiierefinom. 

To absorb any radiation which reaches ttie tuning end 10 of waveguide 
7 there is provided a water conduit 21 which flows in series throughout the 
tuning ends of all ttie waveguides. Water is passed through conduit 21 and 
out of the apparatus whereupon the absorbed heat is dissipated. The water 
20 conduit 21 may also flow adjacent to magnetit>n 9 to provide cooling. 

In Figure 3, conveyor rollers 23a to d can be seen supporting laminate 
structure 27 between upper waveguides 29a to c and lower waveguides 33a 
to d. Laminate structure 27 consists of a lower glass sheet 37, interlayer 39 
and upper glass sheet 41 which are arranged in a sandwich configuration. 
25 Horizontal radiation reflectors 30a and 30b are provided between upper 
waveguides 29a and 29b. and 29b and 29c respectively. Horizontal 
radiation reflectors 31a, 31b and 31c are provided between lower 
waveguides 33a and 33b, 33b and 33c, and 33c and 33d respectively. 

Laminate assembly 27 is layed up in "sandwich" arrangement and 
30 positioned on lead-in rollers 43 whereupon it is conveyed into the heating 
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apparatus 1. Heating apparatijs 1 is substantially completely encapsulated 
by electromagnetic shielding 45 to prevent leakage of microwave radiation. 
The shielding may consist of metal foil, metal sheets or the like or any other 
material known in the art which reflects microwave radiation. Energy Is 

5 supplied to the magnetrons to cause microwave radiation to be emitted from 
apertures 19 in waveguides 7 into heating zone 17. As laminate structure 
27 travels through heating zone 17 interiayer 39 absorbs microwave 
radiation and is heated to a temperature to achieve PVB plastic flow, for 
example in the range of 120° to 150°C although lower temperatures may be 

10 sufficient to achieve plastic flow of the PVB. The laminate structure is then 
conveyed out of apparatus 1 and through press rollers 47 and 49 which act 
to cause absorption of any entrapped gas into the interiayer and to promote 
an even thickness of the interiayer. The laminate structure then passes 
through to end rollers 51 whereupon it can be handled and dispatched after 

15 cooling. Thus the invention has the advantage of enabling satisfactory 
laminated glass to be produced without the high capital cost associated with 
the use of autoclaves, or the high labour and material costs associated with 
the "resin-pour" process described at^ove. 

It is to be understood that various modiflcations, additions and/or 

20 alterations may be made to the parts previously described without departing 
from the ambit of the present invention. 
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CLAIMS 

1 . A method for manufacturing a glass laminate structure comprising the 
steps of: 

5 a) providing an assembly including first and second glass sheets 
having therebetween an interiayer of polymeric material capable of being 
selectively heated, said sheets and interiayer being in a parallel sandwich 
anrangement; 

b) passing said assembly through a heating zone whereby said 
10 assembly is exposed to electromagnetic radiation of a frequency or 

frequencies to selectively heat said interiayer to a fluid state; 

c) passing said assembly through press means to affect 
laminating of said first and second sheets while said interiayer is still in a 
fluid state. 

15 2. A method according to daim 1 wherein said electromagnetic radiation 
is microwave radiation. 

3. A method according to claim 1 or 2 wherein said heating zone 
includes a plurality of waveguides emitting said electromagnetic radiation, 
said waveguides being spaced from each other in the direction of travel of 

20 said assembly and extending across the width of said assembly. 

4. A method according to any one of daims 1 to 3 wherein said 
assembly is passed through said press means before said interiayer has 
lost any significant amount of heat by conduction to said first and second 
glass sheets. 

25 5. A method according to any one of claims 1 to 4 wherein said press 
means comprise a pair of opposed rollers. 

6. A method according to any one of daims 1 to 5 wherein said 
interiayer is heated to a temperature where plastic flow occurs. 

7. A method according to daim 6 wherein said temperature is between 
30 about 80°C and 1 0S'C. 
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8. A method according to any one of claims 1 to 7 wherein said 
interlayer is comprised of polyvinylbutyrate. 

9. A laminated glass structure including first and second sheets 
laminated together by a polymeric interlayer wherein said structure is made 

5 by a method of any one of claims 1 to 8. 

10. Apparatus for manufacturing a glass laminate structure including; 
at least one source of electromagnetic radiation; 

a plurality of waveguides traversing a heating zone in a cross- 
machine direction and spaced from each other along a machine direction in 
10 said heating zone, said waveguides canrying a travelling wave of microwave 
radiation from said source and having means for emission of said radiation 
from said waveguides into said heating zone; 

means for transporting a laminate structure in a machine direction 
ttirough said heating zone; and 
15 press means beyond said heating zone to press said laminate 

structure after passage tiirough said heating zone. 

11. Apparatus according to claim 10 wherein said electromagnetic 
radiation is microwave radiation. 

12. Apparatus according to claim 11 wherein each waveguide is provided 
20 with a source of microwave radiation. 

13. Apparatus according to daim 11 wherein a waveguide is coupled to 
an adjacent waveguides in a region outside the heating zone such that 
radiation is propagated at said source positioned at one end of one 
waveguide and passes along said waveguide and is then redirected along 

25 said adjacent waveguide. 

14. Apparatus according to any one of claims 11 to 13 wherein said 
source of microwave radiation is one or more magnetrons. 

15. Apparatus according to any one of claims 11 to 14 wherein said 
waveguides are provided above and below said heating zone. 

30 16. Apparatus according to claim 15 wherein said waveguides are 
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arranged in a staggered configuration in said machine direction. 

17. Apparatus according to any one of claims 1 1 to 16 wherein said there 

are provided a plurality of sources of microwave radiation positioned 

alternately at the sides of said heating zone. 
5 18. Apparatus according to any one of claims 10 to 17 wherein said 

means for emission of said radiation consists of an aperture extending 

along the waveguide in the region of said heating zone. 

1 9. Apparatus according to any one of daims 1 0 to 1 8 wherein said press 

means consists of at least one pair of opposed rollers. 
10 20. A method substantially as hereinl)efore described with reference to 

the example. 

21. Apparatus substantially as hereinbefore described with reference to 
any one of the Rgures. 
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